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Action of  Alkalies on Wax. 17 

without any one of the set ~, T, &c. being nothing. The sum 
of the coefficients is half the coefficient of x i+ 1 in v / (1 + 4 x)~ 
as is easily proved. 

The readiest way of forming P i + I  fi'om Pi is as follows : - -  
(1.) Put on tlle next letter to every term of Pi' and also repeat 
the last letter of  each term once more than it occurs already ; 
thus ab  ~c gives ab  ~ c d + a b  ~eL (2.) Put  all the results of 
(1.) together, and correct or introduce coefficients by the law 
above ascertained. 

It  is also worth notice that the portions of Pi which do not 
contain any. letters, beyond, a given . . . .  one follow the law of a re- 
curring series. Fhus, if Pn, k signify all that portion of Pn m 
which nothing beyond k.occurs, we have 

P,, b = b P _ 1, ~' P , , ,  = (b + c) P n -  1, o' 

P,,d = (b + c + d) P , - I , d  -- b d P , -e ,a '  

and so on; the coefficients (b + e + d), &e. being derived 
fi'om the denominators of the ordinary approximations. 

The mode thus given of turning a continued fi'action into a 
series is not so easy in practice as the one derived from invert- 
ing the process of turning the ratio of two infinite series into 
a continued fraction ; but the law is worth consideration, the 
more especially as, from the presence of none but consecutive 
terms, it cannot be directly connected with Arbogast's methods. 
This is the reason why the reader looks in vain for anything 
about continued fractions in the Calcul des Ddrivations. The 
most complete account I know of continued fractions is in 
Eytelwein's Grundlehren, &e, in which, however, the inverse 
method occupies only six p g . a  es, the direct one. eighty-nine. ; 
and no general law is given fbr the series considered in thin 
paper. 

I I I .  On the Action o f  Alkalies on Wax. By ROBERT 
WARINGTON and W .  FRANCIS, ~$~. ~ 

F E W  subjects have of late engaged so much the attention 
of chemists as that relative to the formation of fat in the 

animal organization~ a subject fraught with results of the high- 
est importance both to science and its applications to rural 
ceconomy. 

Twotheories havebeen proposed to account for its origin : - -  

* Communicated I W tile Chemical Society; having been read May 16 
1843. 

Phil. Mag. S. 3. ¥ol .  24. No. 156. Jan. 1844. C 
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18 Mr. Warrington and Mr. Francis 

The one by M. Liebig, which supposes that the fat is pro- 
duced by the conversion of sugar, starch and other non-ni- 
trogenous bodies during the process of digestion, as detailed 
in his paper on this subject, published in the Society's Me- 
moirs, vol. i. p. 164; a view which is supported by various 
analogous processes and decompositions with which chemists 
are already familiar, as for instance the conversion of amyg- 
daline into the oil of bitter almonds, of salicine into oil of 
meadow-sweet, and also the production of cenanthie ~ether in 
the fermentation of amylaceous substances, which moreover 
has recently been shown by M. W~ihler to be readily con- 
verted by distillation into margarie acid. The other theory by 
MM. I)umas, Boussingaultand Payen*, according to which no 
production of' fat takes place in the animal frame, but that it is 
contained already formed in the various products of the vege- 
table kingdom, which generally serve the purposes of food. 

In support of this latter view, great importance has been 
placed on some recent observations of M. Lewy% communi- 
cated to the French Academy of Sciences, in which it is stated~ 
that when purified bees'-wax is boiled with a concentrated so- 
lution of caustic potash, or when cerine, one of the principal 
constituents of wax, is heated with potash and lime at the tem- 
perature of a metallic bath, it undergoes saponification, and 
affords a combination entirely soluble in water, and from 
which acids separate a fatty body having the properties and 
composition of stearie acid. 

This statement, apparently so entirely at variance with what 
had hitherto been published on the nature of this substance 
and its behaviour towards the alkaline bases, and the ease, 
moreover, with which, if confirmed, pure stearic acid might 
in future be obtained, induced us to repeat some of the ex- 
periments of M. Lewy bearing on this point. 

Before, however, detailing the results at which we arrived, 
it will perhaps be well to give in brief outline tile data ob- 
tained by former investigators. 

According to the researches of MM. Boudet, Boissenot~, 
and Ettling~., wax is a mixture of cerine and myricine, which 
may be readily separated fi'om each other by means of alco- 
hol, the myricine being nearly insoluble in that medium : the 
cerine which is deposited on the cooling of the alcoholic solu- 
tion is itself a compound body consisting of ceraine and mar- 
garic acid ; these may be separated by treatment with caustic 

* Annales de Chimie et de Ph3slque, t. iv. p. 208. 
"~ Comptes Rendus, No. xiv. April 3, 1843~ p. 675. 
** J'ourn. de Pharm. vol. xiii. p. 43. 
§ Annalen der Pharmacie, vol. ii. p. 953. 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

am
br

id
ge

] 
at

 2
0:

47
 1

9 
Ju

ne
 2

01
6 



on  t h e  A c t i o n  o f  A l k a l i e s  on  W a x .  19 

potash, which forms a soap with the margaric acid without 
acting at all on the ceraine. Ettling analysed eeraine and 
myricinej and found them to be isomeric, and composed, in 
100 parts, of__ 

Ceraine. Myricine. 
Carbon . 80"44` 80'01 
Hydrogen 13"75 18"85 
Oxygen . . . 5"81 6"14, 

MM. Hess =~ and Van der Vleit t regard wax as a simple 
substance, which in the common yellow wax is in combination 
with a colouring matter, and in the white wax with cerainie 
acid, composed of 

Carbon . . . 8 1 " 5 2  
Hydrogen 13"23 
Oxygen 5"25 

Hess states that it contains no margarie acid, and does not 
afford either cerine or ceraine. 

The  experiments of Ettling, as to wax being a compound 
body consisting of eerine and myricine, are confirmed how- 
ever by M. Lewy, who finds them to be isomeric, and com- 
posed, in 100 parts, o f - -  

Carbon . . . 80'31 
Hydrogen 18"88 
Oxygen . . 6"30 

Berzelius, in the third German edition of his ~ Manual of 
Chemistry,' vol. vi. p. 513, states, that wax is converted into 
a kind of soap by caustic alkalies, bnt the combination formed 
is of difficult solution in water, and separates in a cream-like 
form on the surface of the liquid; that this cream may be 
melted to a very hard soap, but that acids separate the wa.v  
with nearly unaltered properties. 

On boiling wax for six hours with caustic potash we ob- 
served exactly the appearances described by Berzellus; it was 
evidently acted upon, increased in bulk, and a eurdlike mass, 
sparingly soluble in water, separated on the top of the liquid. 
On melting wax anti then dropping fused caustic potash into 
it, a small quantity of gas is given off, and the whole mass in 
a few seconds is converted ti'om a liquid state into a thick, 
gelatinous, amber-eoloured soapy substance, which was found 
to be ahnost entirely soluble in a large quantity of water. It  
was separated from the solution, in a curdy state, by the 
addition of common salt, washed, redissolved and hydro- 
chloric acid added;  this threw up a colourless oily liquid~ 

* Annal, der Pharm. xxvii, p. 8. 
1" 13ulletin de N&rlande,  No. xvii. 1838. 

C 2  
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20 Action of Alkalies on Wax. 

which on cooling solidified into a waxy brittle substance. 
After being well washed with boiling water to remove any 
traces of hydrochloric acid, it was treated, with alcohol, in 
which, with the assistance of heat, it was perfectly soluble, 
and on cooling separated in a crystalline state. From these 
appearances, we were inclined to entertain the idea that 
a conversion of the wax into stearic acid had taken place, but 
the alcoholic solution of the supposed acid did not in the least 
affect blue litmus paper, and when boiled with a solution of 
carbonate of soda not a trace of gas was evolved. Its melting- 
point was ascertained to be 74 ° C., and the fused mass on 
cooling exhibited not the slightest trace of crystalline struc- 
ture ; it could not evidently therefore be stearic acid, and such 
was proved to be the case by the annexed analysis. 

0"$46 grin. of the substance, dried for six horn's in the water- 
bath to remove all trace of alcohol, afforded on combustion 
with chromate of lead 0"427 grm. of water and 1"005 grm. of 
carbonic acid, or in 100 p a r t s , -  

Carbon . . . 80"31 
Hydrogen . . 1•'70 
Oxygen . . . 5"99 

It is therefore as widely different fi'om stearic acid as any 
body can be - - the  alcoholic solution of which distinctly red- 
dens litmus paper, expels carbonic acid from carbonate of 
soda, solidifies into a mass, having a decided crystalline struc- 
ture, and whose composition was found by Liebig, Redten- 
ba ther  and other chemists, to be carbon 76'69, hydrogen 
12"70, and oxygen 20"61. 

On comparing the results obtained in our analysis, it will 
be however immediately seen that this substance has exactly 
the same composition assigned by Ettling to ceraine, with 
which it is therefore isomeric, if not identical. The  peculiar 
characters of ceraine are that it melts at 70 ° C., and on cooling 
forms a hard brittle mass. It is not soluble in cold alcohol, 
and but very slightly in hot;  on the cooling of the alcoholic so- 
lution it becomes gelatinous, but may on slow cooling be ob- 
tained in a crystalline state; it is Hot saponifiable. The  body 
we have examined melts at 74 ° C., forms on cooling a hard 
brittle waxy mass, but it dissolves readily in hot alcohol, fi'om 
wlfich it crystallizes on cooling ; it affords a kind of soap with 
potash ; it does not expel carbonic acid from carbonate of soda, 
and has no acid properties. It  will be seen that the results 
we have obtained agree closely with those described by Ber- 
zelius and by Ettling. On a future occasion we hope to bring 
before the Society an account of several curious ph~enomena 
we have observed in our experiments on this subject ; for the 
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Action of  Oi~ of  Vitriol on Ferrocganide of  Potassium. 21 

present, we propose for the body we have examined the name 
of Pseudo-ceraine, until by further experiments we shall have 
removed the discrepancies which at present appear to exist 
between its characters and those aseribed by Ettling to ee- 
raine. 

IV. On the Action of  Oil of  Vitriol upon ~'errocyanide of  
Potassium. B.y G. Fow~r.s, Ph.D.* 

W H .  EN finely powdered ferrocyanide of potassium is heated 
m a capacious flask or retort with eight or ten times its 

weight of concentrated sulphurie acid, the white pasty mass 
first produced by the aetion of the acid upon the salt, gra- 
dually dissolves and disappears, its solution being accompa- 
nied by the disengagement of a prodigious quantity of perma- 
nent gas. This gas when collected over water is eolourless 
and transparent; it has a very faint garlic odour, does not 
render lime-water turbid, takes fire on the approach of a ta- 
per, and burns with a bright blue flame, generating carbonic 
acid. When mixed with half its bulk of'pm'e oxygen, intro- 
duced into the siphon-eudiometer and fired by the electric 
spark, a contraction occurs amounting to one-third part of 
the whole, and the residual gas becomes almost entirely ab- 
sorbable by caustie potash. These characters are sufficient 
to prove that the gas in question is pure carbonic oxide. 

When the oil of vitriol ]s first poured upon the ferroeyanide, 
a good deal of heat is produced, and the odour of hydrocyanie 
acid is for a moment perceptible ; this disappears, however, 
as soon as the effervescence commences, and is replaeed by a 
trace of fi)rmic acid vapour, which may be remarked during 
the whole period of the experiment. At the close of the re- 
action a little sulphurous acid also may be recognised ; the 
cause of this will become immediately apparent. 

If, the disengagement of earbonic acid having ceased, heat 
be still applied to the now fluid contents of the vessel, the 
escape of sulphurous acid becomes more and more marked, 
while at the same time a number of little white pearly cry- 
stalline plates may be observed floating about in the boiling 
liquid. These scales rapidly increase in number until, after 
the lapse of fifteen or twenty minutes fi'om the time the first 
were seen, they cover the bottom of the flask to a consider- 
able depth, glittering, when agitated, like new-formed crystals 
of thionurate of ammonia. 

When the whole has cooled, the acid may be poured from 
Communicated by the Chemical Society ; having been read March ~1, 

843. 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

am
br

id
ge

] 
at

 2
0:

47
 1

9 
Ju

ne
 2

01
6 


